EXECUTIVE SUMMARY
This paper proposes a definition of Information and Communication Technologies (ICT) that relies on the technology classes of the International Patent Classification (IPC) in which patents are classified.
It stems from a careful analysis of ICT technologies and products and relies on the in-depth knowledge of Japan Patent Office experts, as well of experts from the Intellectual Property (IP) Offices participating in the OECD-led IP Task Force. Compared to the OECD 2003 definition of ICT-related technologies, this new classification excludes patent classes originally tagged as ICT but that mainly or exclusively pertain to other technological domains and that may or may not be used in conjunction with ICT-related technologies (e.g. class B41J, typewriters and printing mechanisms); and adds classes previously overlooked or that did not exist at the time (e.g. class B82Y10, nano-technology for information processing, storage or transmission, as quantum computing or single electron logic).
While being aligned with the OECD (2008) ICT product list identifying ICT goods and services, the proposed technology-based classification differs from the product-based one, as many-to-many correspondences are possible: each product relies on one or more ICT-related technologies, and the very same technology can be used in a wide array of products. For example, products like 'Portable automatic data processing machines weighing not more than 10 kg, such as laptop and notebook computers' rely not only on computer technologies for data processing, but also on telecommunication technologies for network access. The latter are also used in 'Telephones for cellular networks or for other wireless networks'.
Moreover, not all technologies used in ICT products are ICT-related technologies. For example, 'Inkjet printers used with data processing machines', which are considered ICT products, rely on ICTrelated technologies (e.g. those needed to transfer printing image data from a computer to a printer and transform images into data for printing), as well as technologies that cannot be regarded as ICT-related, since they are not relevant for information processing nor for communication (e.g. those needed to print on different materials by inkjet).
Especially in the case of ICT, technologies differ considerably from products, as ICT products typically rely on a bundle of technologies. A definition of ICT based on the technology class to which inventions are attributed thus has the advantage of identifying and mapping ICT technologies regardless of the products in which they are used.
The criteria guiding the proposed new definition of ICT technologies are:
• Expert judgment of patent class content. This assessment has been carried out by a patent examiner specialised in ICT-related technologies, who has scrutinised the description of IPC classes at all levels of disaggregation, from section to sub-groups levels. The taxonomy has also benefitted from feedback received from experts from the Intellectual Property (IP) Offices participating in the OECD-led IP Task Force.
• Relevance for ICT-related products. As ICT technologies are used in ICT products, the relevance of the identified technologies for ICT products has been always verified. ICT products, following the definition by the OECD (2008), "must primarily be intended to fulfil or enable the function of information processing and communication by electronic means, including transmission and display" (p. 11 of OECD, 2008) . ICT technologies are therefore intended as technologies fulfilling or enabling the function of processing information and communicating by electronic means.
• Completeness. The identified technologies aim to encompass all ICT technologies used in the ICT products defined in OECD (2008).
• Accuracy. While aiming at identifying each and every ICT-relevant technology, the taxonomy proposed herein leaves aside technologies of general nature and use, which may well be used in ICT products, but do not represent their core, nor relate to information processing and communication.
Statistics based on triadic patent families (TPF), i.e. sets of patents taken at the European Patent Office (EPO), the Japanese Patent Office (JPO), and the US Patent and Trademark Office (USPTO) that share one or more priorities, show that in the period 2000-2012, the overall number of triadic patent families identified as being ICT according to the "J tag" is on average 25% smaller than the number of ICT TPF obtained using the OECD (2003) definition. Also, using the "J tag" leads to a reduction in the number of TPF that varies considerably among countries, with Korea and the People's Republic of China (hereafter "China") experiencing relatively small reductions, while Germany, France, the United Kingdom and Switzerland experience larger reductions in their figures. The new "J tag" leads to a smaller number for Japan than it does for the United States, and reduces the differences that emerge between the two leading countries.
Also, statistics related to the way in which countries contribute to advance growing ICT technology areas show that in the case of mobile communication a number of countries like the United States, Japan and Korea account for a relatively stable share of these technologies, whereas China and India have more than doubled their contribution to the technology area. In the case of 'cognition and meaning' and 'understanding and human interface' technologies, i.e. those technologies that are more related to humanmachine interaction and the internet of things, patterns look much more diversified. Between 2005 and 2010 the only country that has continued to contribute to the same extent to the generation of this set of technologies is the United States. Asian countries such as the China, Korea, India and Singapore have markedly increased their relevance for this set of future-looking technologies, whereas Nordic countries such as Finland and Sweden, as well as Germany, the United Kingdom and the Netherlands, have seen a decrease in their relative leadership in the field.
INFORMATION AND COMMUNICATION TECHNOLOGIES (ICT): A NEW TAXONOMY BASED ON THE INTERNATIONAL PATENT CLASSIFICATION (IPC) Introduction
The importance and pervasiveness of Information and Communication Technologies (ICT) is widely acknowledged and extensively documented (e.g. Jorgenson, 2001; Bloom at al., 2012) .
Carefully assessing the extent to which such technologies shape economies and societies depends on a clear understanding of the technological components that constitute the ICT "bundle", the identification of the new technological paradigms that may emerge, and a careful monitoring of their evolution over time. This, in turns, allows definition and more accurate measurement of a set of technologies whose pervasiveness makes it often hard to separate them from the many goods and services they are embedded in or facilitate the production of, without constituting their main component or use. The 2003 taxonomy has remained basically intact over the years, with minor updates reflecting the changes in the IPC classification through time 3 . While playing an important role in identifying and monitoring the technological developments in ICTs for more than a decade, the 2003 classification appears outdated at present, as technology changed dramatically over the last ten years. This can be easily seen by looking at the four categories contemplated in the 2003 taxonomy, namely: (1) Telecommunications, (2) Consumer electronics, (3) Computers, office machinery, and (4) Other ICT, and their inadequacy to encompass technological trajectories or paradigm shifts such as home automation (domotics) or the 'internet of things.' 4 The need for a revised taxonomy further stems from the fact that the OECD has in the meantime proposed revised definitions of the ICT sector (2007) and of ICT products (2008) , making the 2003 patentbased classification partially misaligned with the newer ICT-related definitions.
With the aim to fill this gap, this paper proposes a revised definition of ICT-related technologies that relies on the international technology classes in which patents are classified, the International Patent Classification (IPC). 5 The new taxonomy proposed stems from a careful analysis of ICT technologies and products and relies on the in-depth knowledge of a Japan Patent Office expert specialised in the examination of ICT-related patents. Compared to the 2003 definition, it excludes patent classes originally tagged as ICT but that mainly or exclusively pertain to other technological domains and that may or may not be used in conjunction with ICT-related technologies. An example is class B41J (typewriters and printing mechanisms). However, it also adds classes that had previously been overlooked, but which expert judgment suggests to be part of ICTs for example, G08B25 (i.e. alarm systems in which the location of the alarm condition is signalled to a central station). Furthermore, it includes patent classes that did not exist at the time of the 2003 classification, since they first appeared in later versions of the IPC taxonomy, such as B82Y10 (i.e. nano-technology for information processing, storage or transmission, as quantum computing or single electron logic).
The remainder of this paper is as follows. Section 2 provides an overview of existing patent-based ICT taxonomies and compares them with ICT products-based classifications. Section 3 outlines the criteria used to develop the new IPC-based ICT taxonomy, subdivides technologies into main areas, and details the IPC codes belonging to each of the areas considered. Section 4 proposes a few descriptive statistics based on the new taxonomy, and compares some figures based on the old and the new IPC-based classification of ICT technologies.
ICT: a brief overview of existing taxonomies

ICT technologies
Among the ICT technologies-related taxonomies proposed in recent years there are: OECD (2003), ISI-OST-INPI (2005) , Schmoch (2008) , Van Looy et al. (2014) , and the classification proposed by the Japan Patent Office (JPO).
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OECD (2003)
The 2003 OECD taxonomy was developed by Ulrich Schmoch of the Fraunhofer Institute Systems and Innovation Research (Germany). ICT-related IPC codes were identified using details at the section and sub-group levels, and ICT-related technologies got subdivided into four main categories, namely: 'Telecommunications'; 'Consumer electronics'; 'Computers and office machinery'; and 'Other ICTs'.
'Telecommunications' include various types of communication-related technologies, ranging from devices (e.g. H01P: waveguides) to basic functions and methodologies (e.g. H03M: coding, H04J: multiplexing). 'Consumer electronics' IPC classes mainly relate to technologies in the audio-visual device space (e.g. H04N: television; H04S: stereo), although general-purpose ICT technologies (e.g. H03F: amplifier) are also included. The 'Computers and office machinery' category includes technologies related to various electronic devices other than audio-visual devices (e.g. B41J: typewriters; G06: computing). Finally, 'Other ICTs' are grouped general-purpose devices and methods (e.g.G02B6: light guide; G01B,C, etc.: measuring) as well as special applications (G08G: traffic control; G09B: educational appliances).
This taxonomy appears very closely related to ICT products, with the first three categories that basically correspond to the 'communication equipment', 'consumer electronic equipment', and 'computers and peripheral equipment' products categories listed in the 2008 OECD definition of ICT products (OECD, 2008) .
The OECD (2003) includes some IPC codes whose relevance to ICT technologies needs to be reexamined. Examples are B07C (postal sorting) and B41J (typewriters), representing technologies which are both obsolete, at least to some extent, and relevant to a broader set of technologies than ICT alone. The inclusion of other sub-classes, such as G01 (measuring) should also be reconsidered, as these IPC codes encompass a wide range of measuring techniques which are by no means exclusive to ICT technologies. Moreover, in line with the 2007 OECD definition of the ICT sector, IPC classes related to the activities of companies concerned with 'electronic processing to measure physical phenomena' should also be removed from the ICT list, as such activities are no longer considered part of the ICT sector. Finally, and more generally, as ICT technologies are often embedded in a variety of products and their use changes rapidly, categorising technologies on the basis of products might not be the best way to identify ICT-related technologies.
Schmoch (2008)
Schmoch's (2008) classification, last revised in 2013, subdivides all patentable technologies into six main technology areas, namely: 'Electrical engineering'; 'Instruments'; 'Chemistry and pharmaceuticals'; 'Process engineering and special equipment'; 'Mechanical engineering and machinery'; and 'Consumption'. While no ICT group exists, as such, ICT technologies are part of the 'Electrical engineering' area and are subdivided into 8 main groups, namely: (1) 'Electrical engineering'; (2) 'Audiovisual technology'; (3) 'Telecommunications'; (4) 'Digital communications'; (5) 'Basic communication process'; (6) 'Computer technology'; (7) 'IT methods for management'; and (8) 'Semiconductors'. For example, 'Digital communications' include code H04L (transmission of digital information) and 'Basic communication processes' include IPC H03 (basic electronic circuitry).
ISI-OST-INPI (2005)
The ISI-OST-INPI (2005) While 'Electrical engineering' is defined in the same way as in Schmoch (2008), the taxonomy appears somewhat less refined when higher levels of disaggregation are considered. In particular, 'Electrical engineering' is subdivided into 5 groups, namely: (1) 
Japan Patent Office
To try and identify ICT-related technologies, JPO has categorised the different areas in which information and communication technologies are developed and implemented and monitors the number of patents published in each of the areas considered.
At present, ICT areas are classified as follows: (1) 'High-speed networks'; (2) 'Security'; (3) 'Homeelectronics networks'; (4) 'High-speed computing'; (5) 'Simulation'; (6) 'Large-capacity and high-speed storage'; (7) 'Input-output'; (8) 'Cognition and meaning understanding'; (9) 'Human-interface evaluation'; (10) 'Software'; (11) 'Devices'; and (12) 
Technology-based taxonomies vis-à-vis ICT product lists
An ICT product list identifying ICT goods and services was first developed in 2002 (OECD, 2002 and has been revised several times since. At present the list includes more than 100 products, ranging from 'point of sale terminals' to 'installation services of radio, television and communications equipment'.
Product-based taxonomies differ from technology-based classifications as many-to-many correspondences are possible: each product relies on one or more ICT-related technologies, and the very same technology can be used in a wide array of products. For example, products like 'Portable automatic data processing machines weighing not more than 10 kg, such as laptop and notebook computers' rely not only on computer technologies for data processing, but also on telecommunication technologies for network access. The latter are also used in 'Telephones for cellular networks or for other wireless networks'.
Moreover, not all technologies used in ICT products are ICT-related technologies. For example, 'Inkjet printers used with data processing machines', which are considered ICT products, rely on ICTrelated technologies (e.g. those needed to transfer image data from a computer to a printer and transform images into data for printing), as well as technologies that cannot be regarded as ICT-related technologies, since they are not relevant for information processing or communication (e.g. those needed to print on different materials by inkjet).
A new ICT taxonomy: guiding principles and operational choices
A number of criteria have guided the proposed new definition of ICT technologies:
• Expert judgment of patent class content. This assessment has been carried out by a patent examiner specialised in ICT-related technologies, who has scrutinised the description of IPC classes at all levels of disaggregation, from section to sub-groups levels.
ICT technology areas
The proposed ICT taxonomy subdivides technologies into areas defined by the specific technical features and functions they are supposed to accomplish. Areas have been identified building on existing technology-based taxonomies, particularly JPO's. Dealing with large amounts of data for analysis.
Database and numerical analysis, computational science, and computer aided engineering (see Date, 2005; Teorey at al., 2011; Strang, 2007) . Cognition and meaning understanding High-level concept understanding.
Cognitive computing (see Wang at al., 2010) .
Human-interface
Operability by human beings. Human-interface technologies (see e.g. Raskin, 2000) .
Imaging and sound technology
Processing and transmission of images and sound data.
Video equipment, television, image processing, acoustic equipment, and audio signal processing-related technologies (see e.g. Rosenfeld at al., 2014; Bovik, 2010; Spanias at al., 2006; ATIS, 2001 Radio navigation, radio direction-finding, etc. (see e.g. Klaassen, 1996) .
Others
Residual category. ICT related technologies not belonging to any of above categories.
Data input and output, hybrid computer, etc. (see e.g. ATIS, 2001)
Source: authors' own compilation based on cited sources.
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Annex 1 further illustrates the relationships that can be envisaged between ICT products and ICT technology areas, especially the way in which products relate to technology areas, often in a many-to-many fashion.
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While most IPC classes were straightforward to identify as ICT-related, others were more doubtful and were finally included or excluded from the taxonomy on the basis of statistical analysis. In particular, when inclusion of IPC classes could not be decided solely on an analysis of their content and description, their relevance for ICT technologies was assessed using statistics about the extent to which inventions are simultaneously classified in the doubtful classes as well as ICT classes (i.e. their co-occurrences). As patent examiners are expected to list in patent documents all IPC fields to which an invention is related to, this can be interpreted as a signal that the technology at stake is indeed relevant and /or needed for ICT, and thus key to ICT products and developments.
An example of such 'doubtful classes' is class H01B5: 'Non-insulated conductors or conductive bodies characterised by their form'. It encompasses conductors used for information communication in computers, as well electrodes used in non-ICT devices. Also, several classes under H01L were identified as doubtful, despite their having been included in existing OECD definitions of ICT technologies. For example, H01L21: 'the manufacture or treatment of semiconductor or solid state devices' was regarded as doubtful, because solid state devices may or may not be relevant to information processing and communication, and this class encompasses various types of semiconductors. The list of all doubtful classes and their description can be seen in Annex 2.
To assess the extent to which doubtful classes co-occur with ICT ones, all patent documents containing any such class and designing two or more IPC classes were considered as the reference population.
9 The co-occurrence rate was then calculated as the average of the ratio between the number of ICT IPCs and the overall the number of IPCs contained in a patent. Figure 1 shows the co-occurrence rates for all doubtful IPC classes considered, calculated using patents filed at Japan Patent Office (denoted as 'JP'), United States Patent and Trademark Office ('US'), and European Patent Office ('EPO'). Some IPCs, such as H01L47, exhibited a strong co-occurrence with ICT classes, whereas the rate remained around 0.1 for about half of doubtful IPCs. To identify the most appropriate co-occurrence threshold guiding the inclusion or exclusion of some classes in the ICT taxonomy a comparative analysis was performed. The analysis, focussing on section H's non-ICT and doubtful ICT classes, aimed at comparing like with like when assessing the extent to which technologies relate or not to ICT ones. To this end, the co-occurrence rate of (clearly) non-ICT IPCs and ICT IPCs was compared to the co-occurrence of doubtful ICT IPCs and ICT IPCs. Figure 2 shows the co-occurrence rates of non-ICT IPCs in Section H. For most IPCs, the rate remained (well) below 0.1, some IPCs slightly exceeded 0.1 and H01S1-4 went beyond 0.15. Based on these results, it was decided that doubtful classes whose co-occurrence rate with ICT IPCs exceeded 0.15 at all three patent offices considered would be included in the ICT taxonomy, whereas those whose co-occurrences always remained below 0.15 would be excluded. As a result, H01L21, H0L27, H01L43, H01L45, H01L47, and H01L49 were included. H01B5, H01B12, H01B13, H01L35, H01L37, and H01L39 were conversely excluded.
In the case of classes H01B7, H01L25, H01L41, and H01L51 further investigation was required to assess their co-occurrence with ICT classes and with 'ICT doubtful' ones. On the basis of an analysis similar to the one described above it was decided to include in the ICT taxonomy classes H01L25, H01L51, and to exclude H01B7, H01L4.
10 Annex 3 lists all IPCs codes included in and excluded from the new and the existing ICT taxonomy, and outlines the key reasons for their inclusion/exclusion.
The "J tag": a new IPC-based taxonomy of ICT technologies
The new IPC-based ICT taxonomy, called the "J tag" because it has been developed in collaboration with an expert from the Japan Patent Office, can be seen in Table 2 . This shows the 13 technology areas of the "J tag", its sub-areas, and the IPC codes of each area. An asterisk precedes those IPC codes that are relevant, although of secondary importance, for the technology area considered, and that may conversely be key in other ICT areas. They are indicated to facilitate the compilation of comprehensive statistics by technology areas and should be disregarded when compiling overall ICT statistics, to avoid repetitions and double counting. Excluding 'secondary' importance classes leads to a stricter definition of the technology Table 2 , also highlighting the rationale behind the inclusion or exclusion of the different IPC codes considered, can be seen in Annex 4.
Some IPC codes in G01 (Measuring; Testing) were excluded from the "J tag" classification, since they do not necessarily relate to information processing and communication. Such an exclusion is in line with the revised definition of the ICT sector proposed in 2006, where "electronic processing to detect, measure and/or record physical phenomena" was excluded from the definition. Also, an example of an IPC class which appeared in existing classifications but has been excluded from the "J tag" is B41J. While B41J technologies (Typewriters; Selective printing mechanisms) are used in ICT products, and inkjet printers and laser printers feature among ICT products, they cannot be regarded as ICT technologies because they do not relate to information processing or communication 11 . Subgroups of B41J1/00 include technologies related to components such as levers, rods, and axis of rotation and these also cannot be considered as ICT-related. Finally classes as H01J (Electric discharge tubes or discharge lamps) have also been excluded given that electric tubes once used in electronic circuits for modulation, amplification, etc., have been replaced by semiconductor devices, and can no longer be regarded as devices related to data processing or communication. Data analysis, simulation, management G06F17/00, G06F17/10-17/18, G06F17/50, G06F19, G06Q10, G06Q30, G06Q40, G06Q50, G06Q90, G06Q99, G08G (exclude G08G1/01-065, G08G1/0962-0969) *G08G1/01-065, *G08G1/0962-0969 8. Cognition and meaning understanding G06F17/20-17/28, G06K9, G06T7, G10L13/027, G10L15, G10L17, G10L25/63,66 *G06F15/18 9. Humaninterface H04M1 (exclude H04M1/66-665, H04M1/667-675, H04M1/68-70, H04M1/727), G06F3/01-3/0489, G06F3/14-3/153, G06F3/16, G06K11, G06T11/80, G08G1/0962-0969, G09B5, G09B7, G09B9 *H04M1/66-665, *H04M1/667-675, *H04M1/68-70, *H04M1/727, *G06F17/50, *G06K9, *G06T11, *G06T13, *G06T15, *G06T17-19
Imaging and sound technology
Imaging technique H04N (excluding H04N5/78-5/907, H04N7/167-7/171), G06T1-9 (excluding G06T7), G06T11 (excluding G06T11/80), G06T13, G06T15, G06T17-19, G09G *H04N5/78-5/907, *H04N7/167-7/171, *G06T7, *G06T11/80 13. Others
Computer input-output G06F3/00, G06F3/05, G06F3/09, G06F3/12, G06F3/13, G06F3/18 Other related technique G06E, G06F1, G06F15/02, G06F15/04, G06F15/08-15/14, G06G7, G06J, G06K15, G06K17, G06N, H04M15, H04M17
Source: authors' own compilation.
Legend: An asterisk precedes those IPC codes that are relevant, although of secondary importance, for the technology area considered, and that may conversely be key in other ICT areas.
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On the other hand, the "J tag" taxonomy includes IPCs classes that were never previously included in ICT taxonomies, such as B82Y10 "Nano-technology for information processing, storage or transmission". This was created in 2011, and tries to better allocate classes to the most suitable technology area(s). For instance, G06's subclasses (Computing) are now subdivided across 7 technology areas, to enable a more accurate analysis of computing technologies.
The "J tag" taxonomy of ICT technologies: some stylised facts
In what follows, a number of statistics based on the new "J tag" are proposed, and compared to similar figures based on the OECD (2003) definition of ICT. Most of these statistics are based on triadic patent families (TPF), which are sets of patents taken at the European Patent Office (EPO), the Japanese Patent Office (JPO), and the US Patent and Trademark Office (USPTO) that share one or more priorities.
12 Figure 3 shows that in the period 2000-2012, the overall number of TPF identified as being ICT according to the "J tag" is on average 25% smaller than the number of ICT TPF obtained using the OECD (2003) definition. The drivers of this difference are shown in Table 3 , which lists the IPC codes that featured in the OECD (2003) taxonomy but have not been included in the "J tag", and the few IPC codes added ex novo in the "J tag" classification. (2003) definition. Using the "J tag" leads to a reduction in the number of TPF that varies considerably among countries, with Korea and China experiencing relatively small reductions, while Germany, France, the United Kingdom and Switzerland experience larger reductions in their figures. The new "J tag" leads to a smaller number for Japan than it does for the United States, and reduces the differences that emerge between the two leading countries. 13 The latter are families of patent applications with members filed in at least one of the IP5, i.e. EPO, JPO, USPTO, the Korean Intellectual property office (KIPO) and the Chinese Intellectual Property Office (SIPO), excluding single filings. This implies that applications filed only in one of the IP5 offices are considered conditional on their having another family member filed in any other office worldwide (see Dernis et al, 2015 , for a more details about IP5 families). Finally, Figures 9 and 10 propose some statistics related to the way countries contribute to advancing growing ICT technology areas, such as mobile communication and cognition and human interface, and the extent to which their contribution has changed over time, in particular between 2005 and 2010. As can be seen, in the case of mobile communication, a number of countries appear to account for a relatively stable share of these technologies, while China and India have more than doubled their contribution to the technology area. In the case of 'cognition and meaning understanding' and 'human interface' technologies, i.e. those technologies that are more related to human-machine interaction and the internet of things, patterns look much more diversified. Between 2005 and 1010, the only country that has continued to contribute to the same extent to the generation of this set of technologies is the United States. Asian countries such as China, Korea, India and Singapore have markedly increased their relevance for this set of future-looking technologies. Finally Nordic countries as Finland and Sweden, as well as Germany, the United Kingdom and the Netherlands, have seen a decrease in their relative leadership in the field. The proposed "J tag" classification stems from a careful analysis of ICT technologies and products and relies on the in-depth knowledge of a Japan Patent Office expert specialised in the examination of ICT-related patents. It removes from the OECD (2003) definition patent classes originally tagged as ICT but that mainly or exclusively pertain to other technological domains and that may or may not be used in conjunction with ICT-related technologies, and adds classes that had previously been overlooked but that expert judgment suggests to be indeed part of ICTs and others that did not exist in 2003. It further subdivides ICT technologies in areas corresponding to specific functions and uses and provides details about the ways in which technologies related to ICT products.
The proposed new definition of ICT technologies has been guided by criteria such as expert judgment of patent class content, relevance for ICT-related products, completeness and accuracy.
Statistics based on triadic patent families, i.e. sets of patents taken at the European Patent Office (EPO), the Japanese Patent Office (JPO), and the US Patent and Trademark Office (USPTO) that share one or more priorities, show that in the period 2000-2012, the overall number of triadic patent families identified as being ICT according to the "J tag" is on average 25% smaller than the number of ICT TPF obtained using the OECD (2003) definition. Also, using the "J tag" leads to a reduction in the number of TPF that vary considerably among countries, with Korea and China experiencing relatively small reductions, and countries as Germany, France, the United Kingdom and Switzerland experiencing relatively larger reductions in their figures. The new "J tag" leads to a smaller number for Japan than it does for the United States, and reduces the differences that emerge between the two leading countries.
Also, statistics related to the way in which countries contribute to advance growing ICT technology areas show that in the case of mobile communication a number of countries like the United States Japan, Korea account for a relatively stable share of these technologies, whereas countries like China and India have more than doubled their contribution to the technology area. In the case of cognition and meaning understanding and human interface-related technologies, i.e. those technologies that are more related to human-machine interaction and the internet of things, patterns look much more diversified. Between 2005 and 2010, the only country that has continued to contribute to the same extent to the generation of this set of technologies is the United States. Asian countries such as China, Korea, India and Singapore have markedly increased their relevance for this set of future-looking technologies. Finally Nordic countries as Finland and Sweden, as well as Germany, the United Kingdom and the Netherlands, have seen a decrease in their relative leadership in the field. Thermoelectric devices without a junction of dissimilar materials; Thermomagnetic devices H01L39 Devices using superconductivity or hyperconductivity; Processes or apparatus specially adapted for the manufacture or treatment thereof or of parts thereof H01L41
Piezo-electric devices in general; Electrostrictive devices in general; Magnetostrictive devices in general; Processes or apparatus specially adapted for the manufacture or treatment thereof or of parts thereof; Details thereof H01L43 Devices using galvano-magnetic or similar magnetic effects; Processes or apparatus specially adapted for the manufacture or treatment thereof or of parts thereof H01L45 Solid state devices specially adapted for rectifying, amplifying, oscillating, or switching without a potential-jump barrier or surface barrier H01L47 Bulk negative resistance effect devices H01L49 Solid state devices not provided for in groups H01L 27/00-H01L 47/00 and H01L 51/00 and not provided for in any other subclass; Processes or apparatus specially adapted for the manufacture or treatment thereof or of parts thereof H01L51 Solid state devices using organic materials as the active part, or using a combination of organic materials with other materials as the active part; Processes or apparatus specially adapted for the manufacture or treatment of such devices, or of parts thereof 
Electronic measurement
G01S
Radio direction-finding; radio navigation; determining distance or velocity by use of radio waves; locating or presence-detecting by use of the reflection or reradiation of radio waves; analogous arrangements using other waves G01V3 Electric or magnetic prospecting or detecting; Measuring magnetic field characteristics of the earth
G01V8
Prospecting or detecting by optical means G01V15 Tags attached to, or associated with, an object, in order to enable detection of the object 13. Others <Computer input-output>
G06F3/00
Input arrangements for transferring data to be processed into a form capable of being handled by the computer; Output arrangements for transferring data from processing unit to output unit G06F3/05
Digital input using the sampling of an analogue quantity at regular intervals of time See e.g. Atzori et al. (2010) for a survey about the internet of things, and Dosi (1982) for a discussion about technological paradigms and trajectories.
5.
Alternatively, the taxonomy could rely on the Cooperative Patent Classification (CPC) codes. The CPC is the result of a partnership between the European Patent Office (EPO) and the United States Patent and Trademark Office (USPTO) aiming to develop a common, internationally compatible classification system for technical documents, in particular patent publications, to be used by both offices in the patent granting process. Relying on the CPC might help refine the taxonomy, since the CPC containes more than three times the number of entries contained in the IPC and IPC codes can be easily converted into CPC ones.
However, the present limited use of the CPC classification by countries would hinder the use of the taxonomy as well as the comparability of the indicators thus produced.
6. While its IPC-based ICT taxonomy is not available to the public, JPO has since 2004 been including ICTrelated statistics on this taxonomy in its reports.
7.
www.jpo.go.jp/shiryou/toukei/pdf/1402-027/02.pdf 8. Software patents can be considered to be relevant mostly to 'Computers and office machinery' in the OECD 2003 taxonomy, and to 'High speed computing' and 'Large-capacity information analysis' in the new taxonomy, since software is a program related to the operation of computers. However nowadays software is used for various purposes and is relevant to other technology areas as well. Moreover the definition of software patents differs across countries, and this makes it even more challenging to assign software patents to specific technology areas. While challenging, this issue may well deserve attention in future work.
9.
Patents featuring only one IPC class were excluded from the count as they could not provide any useful information about the co-occurrences.
10.
Additional info about these statistics and the decision criteria can be obtained from the authors upon request.
11.
In the same way as ICT technologies can be used in non-ICT products, non-ICT technologies are used in ICT products.
12.
See Dernis and Kahn (2004) for more details.
13.
As patent families may take some time to emerge, given the lag that may exist between one filing and the next one, figures refer to patents with priority date in 2008-2010, so that truncation is minimised.
